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A PROGRESS  REPORT  ON  JET  PUNP  RESEARCH 


SUl-GIAHT 

This  progresB  report  presents  the  results  of  a 
series  of  tests  on  a Jet  pump  using  steam  as  the  primary 
fluid  to  pump  atmospheric  air.  The  purpose  of  the  tests 
was  to  Investigate  the  mixing  process.  General  calcu- 
lations and  design  values  are  presented  with  recom- 
pendatlonc  for  future  >rork. 

INTRODTJCTICH 

This  progress  report  presents  the  results  of  a series 
of  Jet  pump  mixing  tube  tests.  The  Jet  pump  used  98  percent 
dry  saturated  steam  as  the  primary  or  actuating  fluid  pump- 
ing atmospheric  air,  the  secondary  fluid.  The  purpose  of 
these  tests  was  the  study  of  the  mixing  process  of  the  pri- 
mary and  secondary  fluids. 

The  design  and  tests  of  the  Jet  pump  were  performed 
under  the  authority  of  contract  number  Nonr-201(01) , awarded 
to  the  TTniversitj^  of  Wichita  by  the  Air  Branch  of  the  Of  floe 
of  Naval  Research. 

Typical  Jet  pumps  are  shown  In  figures  1 and  3. 

Figure  2 Illustrates  the  ptunp  usvsd  for  the  described  tests. 
The  circular-section  convergent-divergent  nozzle  discharged 
Into  a "tralght,  cylindrical  mixing  tube  wiiere  an  Isothermal 


r.ixing  of  the  jet  and  the  Induced  air  occurred.  The  Inlet 
for  the  secondary  air  was  a converging  bell  mouth.  At  the 
beginning  of  the  entrance  the  total  and  static  pressure  of 
the  air  was  atmospheric  (no  velocity).  At  the  end  of  the 
diffuser,  which  was  used  to  Incirease  the  overall  efficiency, 
the  static  pressure  was  atmospheric,.  The  total  pressure 
however  was  higher  at  this  point  because  of  the  dynamic  ccn-- 
ponent.  The  I'hduotlon  forces  of  the  primary  Jet  acted  on  the 
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secondary  air  to  reduce  the  static  pressure  in  the  region  of 
the  noztle  exit.  The  differential  pressure  existing  between 
this  region  and  the  region  at  the  beginning  of  the  entrance 
caused  flow  of  sec  ndary  air  into  the  mixing  tube. 

In  the  Ideal  ease  of  a Jet  pump  without  fiu.ctlon  at 
the  mlxlng-tube  wall  and  without  r-eslstance  to  the  flow  at 
the  entrance  or  exit,  the  Jet  of  primary  fluid  spreads  at  a 
constant  angle.  In  this  case  the  flow  of  the  primary  Jet 
and  the  secondary  air  Is  generally  In  the  dlrectlcxn  of  the 
axis  of  the  mixing  tube.  These  flow  conditions  are  similar 
to  those  of  a free  Jet.  In  the  actual  case  with  viscosity 
and  throttling,  the  secondai*y  air  will  flov;^  back  along  the 
walls  to  corer  the  volumetric  need  at  the  exit  of  the  nozzle. 
The  flow  in  this  case  causes  a oondit!!. on  of  vortlcity.  This 
condition  is  amplified  with  increased  entrance  and  exit 
throttling  and  also  by  a mixing  tube  of  excessive  length. 

I 

For  each  application  of  a Jet  pump  it  is  necessary 
to  determine  the  mixing  tube  dimensions  for  the  highest  pos- 
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sifcls  efficiency.  For  these  tests  a sufficiently  long  mixing 
tube  vaa  selooted  to  investigate  the  mixing  process  with 
respect  to  the  above  flow  conditions. 

There  are  many  theories  of  Jet  pumps  which  give  the 
relation  of  overall  performance  to  the  geometry  of  the  Jet 
pump  and  the  main  parameters.  These  theories  provide  methods 
of  calculating  performance  only  within  certain  limits.  Be-, 
cause  viscosity  in  the  mixing  zone  as  well  as  other  important 
effects  riave  been  neglected  these  theories  do  not  prove 
satisfactory  for  the  design  of  high  efficiency  ejectors.  Many 
design  questions  concerning  the  optimum  length  of  the  mixing 
tube  must  be  answered  experimentation  and  the  invcstlga'felon 
of  the  kinetics  of  tne  mixing  process  in  v^hlch  all  effects 
are  considered  and  evaluated  in  terms  of  efficiency  and 
specific  energy  consumption. 


D 

inches 

AE 

BTU/lb 

L 

inches 

m 

Po 

pafa 

Pi 

psfa 

P2 

psfa 

SYMBOLS 

Diameter  of  mixing  tube. 

Enthalpy  change  of  primary  fluids. 

Length  of  mixing  tube. 

Mass  ratio,  • 

Atmospheric  pressure. 

Total  pressure  of  secondary  fluid 
at  noazle  exit. 

Total  pressure  of  combined  fluids  at 
end  of  diffuser. 


pai 

Pc  • Pi 

A?2 

psf 

P2  - Po 

APt 

psf 

Total  pressure  rise. 

psla 

Steam  pressure  to 

nozzle. 

ft  / see 

Volume  flow  rate. 

Primary  fluid. 

4s 

ft^/ sec 

Volume  flow  rate, 

Secondary  fluid 

’■j 

^ abs. 

Steam  temperature 

to  nozzle. 

lbs/ sec 

Mass  flow  rate.  Primary  fluid. 

w 

8 

Ibs/sec 

Mass  flow  rate,  Secondary  fluid. 

»1 

ft-lb/ sec 

Work  Input. 

f t~lb/ sec 

Work  output. 

Efficiency,  Wq/W^ 

TFJEORX 

The  useful  work  of  the  Jet  pump  1b  the  summation 
of  the  suction  work  and  the  "blowing  work.  Useful  work: 

Wq  =»  Qg(APi+AP2)  + Qj  APg 

where 

AP]^  - Po  - Pi 

and 

^^2  ?2  " ^0 

The  required  power,  W^,  la  the  product  of  the  energy 
difference  of  the  primary  fluid  expanded  from  the  pressure 
Pj  "to  p^  and  the  weight  of  primary  fluid  flowing  per  unit 

ui 

Efficiency  i]  = ^ = ^s(dPi  h?2)  A.Pry 

^ 778  A E wj 


APPARATUS 


The  Bteam  Jet  pxirap,  designed  and  fabricated  in  its 
most  basic  form,  consisted  of  the  mixing  tube,  supersonic 
nozzle,  large  radius  entrance,  and  small  angle  diffuser* 

The  entire  pump  with  instrumentation,  steam  supply  line  and 
control  valve,  was  housed  in  a 30x7^/-foot  closed  trailer. 

The  steam  generator  was  Installed  in  a laboratory  building 
adjacent  to  the  trailer.  Figures  3 through  6 Illustrate 
the  general  layout  of  the  numo  and  auxiliary  equipment. 

The  Jet  pump  was  designed  for  long-run  tests  during 
which  detailed  pressure  readings  could  be  taken.  A rela- 
tively large  pump  was  designed  to  accomplish  exact  measuring 
of  the  quantities  desired  and  also  because  of  the  high  driving 
energy  available.  The  configuration  of  the  pump  was  variable 
In  only  one  respect.  By  sliding  the  mixing  tube  forward  on 
rails  over  the  nozzle,  the  length  to  diameter  ratio  (L/B) 
could  be  varied;  L being  the  length  of  the  mixing  tube  dovm- 
stream  from  the  exit  plane  of  the  nozzle,  and  D representing 
the  diameter  of  the  mixing  tube.  The  deslgxi  dimensions  of 
the  Jet  pump  components  were  dictated  by  experience  gained 

in  Jet  pxirap  wot^  performed  in  the  United  States  and  In  Ger  - 

« 

many. 

■■■■  Ml  IIP  I—.  ■.p.,-  - ■■  ■*  ■■■■-■  ■ — ■■■  ■ ■!  I IP.^  .Ml  ■ I I 

«•  1)  Rastrelll,  Leonard  and  Snyder,  Melvin  I!.:  A Progress 

Report  on  Jet— Pump  Research  Conducted  at  the  University 
of  Wichita.  University  of  Wichita  Engineering  Report 
No,  049,  August  1S51. 

2)  V/agner,  Friedrich:  A Contribution  to  the  Development  of 
Jet  Pumps.  Central  Air  Documents  Office  A.T.I.  No.  20255 
April  1949. 
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The  supersonic  convergent-divergent  stainless  steel 
nozzle  was  fabricated  with  extreme  dimensional  control  and 
with  the  interior  surface  polished  to  a mirror  finish.  The 
nozzle  was  calculated  to  discharge  steam  at  a rate  of  0,222 
lbs.  per-  second  for  nearly  isentropic  expansion  from  an 
initial  condition  of  400  psla.  dry  saturated.  The  Jet  ve- 
locity from  expansion  to  atmospheric  pressure  was  2190  ft/sec. 
While  nozzle  efficiency  tests  were  not  conducted  for  the 
initial  Jet  pump  tests,  the  efficiency  was  assumed  to  be  96 
to  98  percent.  Tills  assumption  was  based  on  previous  fabri- 
cation and  testing  experience. 

The  physical  dimensions  of  the  mixing  tube  were  de- 
termined by  calculations  of  the  test  Jet  pump  without  entrance 
or  exit  throttling.  The  mixing  tube  internal  diameter  of 
eight  inches  was  determined  from  a mass  ratio  of  m = 29  and 
a total  pressure  differential  between  entrance  and  exit  of 
A P.^  = 40  psf.  The  length  of  the  constant  crons  section  tube 
was  chosen  as  90  inches.  This  was  a mixing  tube  length  ratio  of 
L/D  = 11, 25.  In  earlier  investigations  the  optimum  overall 
efficiency  was  obtained  at  a ratio  of  L/d  = 6.4.  Since  some 
authors  iiave  quoted  values  of  from  4 to  11,  the  selection  of 
the  mixing  tube  length  stated  above  was  felt  sufficient  to 
accomplJ.sh  the  Jtests  over  a wide  range  of  L/D  ratios.  Standard 
steel  pipe  was  used  for  the  mixing  tube.  The  internal  surface 
was  honed  to  a bright  finish.  The  tube  was  not  Insulated  for 
the  initial  tests  performed,  however  insulation  will  be  added 
for  the  future  tests  with  superheated  steam. 
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olxteen  No,  70  C028  In,  (^la.)  holes  were  drilled  through 
the  nixlnfj  tube  wall  for  static  pressure  taps.  These  holes 
were  approximately  eo,ut.lly  spaced  along  xhe  length  of  the  mix- 
ing tube.  Total  pressure  readings  were  taken  with  a total 
pressure  tube  (fig.  8)  inserted  through  additional  holes  in 
the  mixing  tube  wall.  These  holes  (24  total)  were  provided 
at  six  stations  along  the  tube  and  on  the  cross  section  center- 
lines at  each  sttitlon.  The  total  pressure  tube  was  made  from 
,070  Inch  diameter  brass  tubing  and  was  housed  In  a 5/l6  x 
l/8  Inch  elllptloal  steel  tube.  This  steel  tube  was  arranged 
as  a slip  fit  In  a holder  In  the  above  mentioned  holes.  The 
sides  of  the  holder  v/ei*e  aligned  with  deep  longitudinal  scribe 
lines  on  the  mixing  tube  to  assure  the  proper  direction  of  the 
total  pressure  tube  In  relation  to  the  axis  of  the  mixing  tube. 
Horizontal  lines  scribed  on  the  elliptical  tube  indicated  the 
position  of  the  total  pressure  tube  between  the  nixing  tube 
wall  and  centerline.  With  the  probe  Inserted  in  one  of  the 
24  holes,  the  remaining  23  holes  were  plugged.  These  plugc 
were  machined  on  the  end  to  fit  the  Inside  contour  of  the 
mixing  tube. 

The  entrance  piece  provided  a smooth,  rounded  surface 
over  which  the  pumped  or  secondary  air  eoul(?,  flow  Into  the 
mixing  tube.  This  entrance  was  made  of  wood  and  was  varnished 
and  polished,  \ifhen  Installed  on  the  mixing  tube  It  was  care- 
fully faired  to  the  inside  diameter.  Two  static  pressure 
openings  (.028  In.  dla. ) were  provided  In  the  entrance  piece. 


8 


A dlffua©r  was  used  on  the  end  of  the  nixing  tube  to 
acoompllsh  a gradual  expansion  of  the  mixed  fluids  to  atmos- 
pheric pressure*  This  diffuser  was  40  inches  long  with  an 
Included  Euigle  of  six  degrees.  Four  static  pressure  open- 
lags  (.028  In.  dia. ) were  provided  in  the  diffuser. 

Steam,  as  the  primary  fluid  was  produced  by  a Bessler 
generator,  model  85.  This  generator  Is  a package  unit  with 
boiler  and  auxiliaries  Incorporated  wlthiin  a single  framework- 
The  auxiliaries,  feed  water  pump,  blotfer,  and  air  compressor 
are  driven  by  "V*  belts  from  a single  HF  constant  speed 
motor.  The  generator  produces  dry  saturated  steam  at  pres- 
sures up  to  400  pslg  and  a flow  rate  to  2500  pounds  per  hour. 

The  steam  generator  modulation  control-system  uses 
compressed  air  as  the  modulating  medium.  The  feed  water,  fuel, 
and  combustion  air  controls  are  connected  mechanically  to  an 
air  cylinder  which  Is  operated  by  a pressure  regulator.  The 
pressure  regulator  is  a Bourdon-tube-sc tuatsd  device  which  Is 
responsive  to  ciiaugee  in  steam  pressure  occasioned  by  changes 
In  steam  output  requirements.  Feed  water  enters  the  boiler 
through  the  spillover  heat  exchanger  and  feed  check  valve. 

The  water  and  fuel  are  proportioned  so  that  the  boiler  will 
evaporate  only  85  to  90  percent  of  the  total  water  fed.  The 
result  is  wet  steam  which  enters  a cyclone  separator  v/here 
the  excess  water  Is  removed  and  trapped  in  the  heat  exchanger, 
approximately  dry  satui-yleu  steam  being  taken  off  at  the  top 
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of  the  separator.  Before  leavfung  the  boiler,  the  steam  passes 
through  a temperature  responsive  thermostat  which  Is  deslgiied 
- mrotent  against  overheating  or  loss  of  boiler  water. 

The  boiler  le  equipped  with  a soot  blower  using  steam 
directly  from  the  steam  outlet  header  through  a shut-off 
valve.  The  soot  blowers  consist  of  a series  of  corroslon- 
and  heat-resistant  hollow  blades  inserted  between  pairs  of 
colls.  These  blades  are  slotted  and  arranged  to  be  rotated 
uy  iiand  thus  sweeping  all  surfaces  where  soot  Is  likely  to 
collect. 

Zeolite  treated  water  is  strained  and  fed  to  the  suc- 
tion inlet  to  the  feed  water  pump-.  This  pump  is  a Bessler 
designed  faorlaontal  triplex  pump  delivering  water  to  the 
metering  valve  at  approximately  850  psl.  The  metering  valve 
and  by-pass  vaire,  which  is  automatically  operated,  regulate 
the  amount  of  water  that  passes  to  the  generating  tubes. 

Steam  from  the  tubes  passes  to  a separator  where  excess  mois- 
ture Is  removed  and  then  goes  to  a header  and  discharges 
through  the  steam  stop  valve.  Attached  to  this  header  are 
the  soot  blower  valve,  safety  valve,  steam  pressure  gage  and 
pressure  regulator. 

Natural  g«b  is  supplied  to  a shut-off  valve  at  ap- 
proximately one  psl,  A solenoid  valve  Is  In  the  line  between 
the  shut-off  valve  and  the  burner.  It  Is  controlled  by  the 
thermostat  and  pressure  regulator  switches.  When  the  boiler 
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goes  off  by  excess  pressure  the  solenoid  valve  shuts  off  the 
gas  supply.  This  valve  is  also  actuated  In  the  same  manner 
"by  excessive  temperature,  except  the  gas  valve  cannot  open 
again  until  a re-set  plunger  is  pressed,  A butterfly  valve 
In  the  gas  line  to  the  burner  Is  mechanically  connected  to 
the  combustion  control  assembly  to  modulate  the  fire  in  re- 
sponse to  load  changes. 

Three  phase,  220  volt,  60  cycle  power  is  used  by  the 
auxiliary-equipment  driving  motor.  The  ignition  and  control 
circuits  are  energized  by  single  phase  .115  volt.  The  115 
volt  supply  is  transformed  to  a 10,000  volt  potential  between 
two  electrodes  in  the  combustion  chamber.  The  spark  formed 
in  the  electrode .gap  Ignites  the  air-fuel  mixture  that  is 
fed  to  the  combustion  chamber  lirom  a coned  burner  head. 

The  steam  line  to  the  nozzle  consisted  of  1-1/4  inch 
pipe  Insulated  with  ^ percent  magnesia,  one  inch  thick.  The 
steam  calorimeter  was  Inserted  in  an  enlarged  section  of  the 
line  in  descending  steam  flow.  This  enlarged  section  was  ap- 
proximately six  feet  upstream  from  the  Steam  entering 

the  supply  line  at  the  generator  was  assumed  to  be  dry  and 
saturated.  Because  of  line  pressui*©  drop  and  a small  amount 
of  condensation  In  the  line  the  steam  quality  at  the  nozzle 
was  determined  to  be  approximately  98.5  percent  dry.  The 
calculated  steam  velocity  In  the  supply  line  to  the  nozzle 
was  28,4  feet  per  second.  This  initial  velocity  was  neg- 
lected in  the  nozzle  design  calculations. 
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To  &cconi'DH8h  t>lic  purposs  of  tl'ieso  tssto  tho  cjus.n't.'i.'tiss  ^ 
requiring  determination  were  steam  flow  rate  and  secondary- 
air  flow  rate.  In  addition  to  these  flow  rates,  the  mixing, 
pattern  of  the  primary  and  secondary  fluids  was  determined  by 
static  pressure  readings  along  the  length  of  the  mixing  tube 
and  by  the  total  pressure  and  temperature  profiles  at  the  six 
survey  stations  along  the  mixing  tube.  All  instruments  except 
the  steam  calorimeter  were  mounted  on  a panel  (fig.  7).  The 
mounted  instruments  were  18  static  pressure  manometers,  one 


px'CJbOUi'c  ijiotiiOuiS  ooX'g  S Sx^CVTX  jTCCOx^iCx*  aliu. 

the  steam  pressure  and  temperature  gage  a.  All  manometors 
registered  pressure  in  Inches  of  water.  Also  on  the  panel ^ 
was  a data  space  ror  recording  the  date,  run  number,  probe 
position,  nozzle  position,  barometric  pressure,  and  wet  and 
dry  bulb  temperatures.  The  Brown  instrument  recoz»dea  the 
temperature  of  the  mixed  fluid  at  the  total  pressure  tube  as 
tranbiiiitted  by  an  Iron-oonstantan  thermocouple  attached  to 
the  underside  of  the  total  pi‘essure  tube. 


DISCUSSION 

An  unstable  operation  of  the  Jet  pxunp  was  noted  during 
the  first  operation  of  the  equipment.  To  aid  in  analyzing 

r 

the  effect  of  the  Inetabllitj’’,  it  was  thought  advisable  to 
determine  the  pump  output  In  terms  of  mass  flow  and  mass 
ratio,  secondary  fluid  to  primary  fluid.  These  results  could 
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then  he  ^ to  predicted,  results  and  conclusions  made 
about  the  effect  of  the  Instability  on  pump  output. 

A cross  section  surrey  of  one  station  of  the  mixing 
tube  was  made  with  total  pressure,  temperature,  and  static 
pressure  being  recorded  photographically.  An  attempt  w&s 
made  to  record  tho  monometer  read.ings  at  the  mid  point  of 
their  extreme  fluctuation.  At  a later  date  a complete  survey 
at  all  stations  of  the  mixing  tube  was  made.  During  these 
suirreys  the  operator  recorded  the  maximum  and  minimum  readings 
for  each  position  of  the  probe  from  which  the  average  reading 
was  obtained.  These  data  were  then  reduced  to  mass  flow  and 
mass  ratio  and  oompareu  with  the  orig'tnal  results.  The  first 
test  results  indicated  a secondary  mass  flow  of  500,6  pciinds 
of  air  per  minute  and  a mass  ratio,  m = 28,8,  The  rosults 
cf  the  more  accurate  survey  wore  499,4  pounds  of  air  per 
minute  and  mass  ratio,  m 27,7.  As  mentioned  above,  the 
pump  was  designed  to  a predi<3ted  mass  ratio  of  ra  = 29. 

The  static  pressure  distribution  along  the  wall  is 
shown  in  figure  10,  At  the  entrance  to  the  diffuser  Is  shown 
an  adverse  condition  of  static  pressure.  The  excessive  length 
of  the  mixing  tube  permits  a thick  boundary  layer  to  be  built 
up  in  this  i^2glon.  The  total  pressure  profiles  shown  in 
figure  9 indicate  the  lack  of  momentum  exchange  to  the  flow 
at  the  wall  with  the  resultant  reversed  flow.  In  future  tests 
with  a steady  Jet  and  correct  mixing  tube  length  this  con- 
dition should  be  eliminated  to  producs  smooth  diffusion  to 
atmospheric  pressure. 


The  total  pressure  profiles  with  fluctuating  Wp  C A X C*  il 
are  similar  to  those  of  previous  tests  during  ■which,  steady 
flow  conditions  ver-e  malnt&lnedr  An  exception  to  this  simi- 
larity Hre  the  profiles  at  stations  7^  and  4. 

CONCLUSIONS 

The  test  pump  arrangement  proved  to  be  an  excellent 
Installation  for  the  planned  study  of  the  mixing  process. 
However,  dependable  data  v»re  impossible  to  obtain  because 
of  the  unsteady  prlr.-jary  jst.  The  cause  was  analyzed  as  one 
or  a combination  of  tliree  conditions:  (1)  a varying  steam 

supply  pressure,  (2)  steam  quality  fluctuation,  or  (3)  a 
matastable  exjianslon  of  the  steam  In  the  nozzle  combined 
•with  droplet  lag.  Motion  pictures  were  talcen  (16  frames 
per  second)  to  determine  the  relation  between  steam  supply 
pressure  variation  and  static  pressures  along  the  nixing 
tube.  Plots  of  the  data  taken  from  those  pictures  revealed 
close  relation  In  frequency  of  variation  but  not  in  magni- 
tude. The  magnitude  of  static  pressure  fluctuations  increased 
from  small  values  at  the  entrance  to  a maximum  at  the  middle 
of  the  mixing  tube.  The  conclusion  vvas  that  the  variation 
of  steam  quality  was  the  pz^domlnant  cause  of  Jet  energy 
variation.  The  energy  variation  and  Improvement  of  the  steam 
expansion  tiipough  the  nozzle  will  be  corrected  by  using 
superheated  steam  of  400  psla  and  200°  F.  superheat.  Except 
for  the  additional  equipment  necessary  to  provide  the 
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superher.ted  ntenn  the  future  test  program  can  be  carried  on 
with  very  ninor  changes  to  the  test  equipment  as  now  in— 

— Xm  n •!  ..  s. 

It  is  Intended  to  continue  the  tests  as  originally 


planned.  Some  short  test  runs  will  be  made  to  check  these 
reported  results.  Then  b series  of  tests  with  throttling  at 
entrance  and  exit  will  be  mn  to  produce  a family  of  perfor- 
mance curves,  Follov/lng  this  will  be  a systematic  variation 
of  the  mixing  tube  length,  velocity  ratios  by  changing  the 
cross  section  areas,  and  the  entrance  and  diffuser  configu- 
rations to  arrive  at  the  highest  overall  Jet-pump  efficiency. 
To  expajid  and  modify  the  existing  theories  of  mixing 


to  give  practical  design  Information,  it  will  be  necessary  to 


. X.  - X 

V i ^ 


^ V">  A ^ T A 4* 

OliC  ± JmKfMt  i-'CWA  CU:iU  K» 


v^v>0  O 

y*.  V'  i.rf  V ^ 


■»  *7  V'  es  \*  A 


mn««  rati  HR,  The  above  outlined  tests  will  provide  the 


necessary-  data.  For  comparison  of  the  Jet  pump  with  other 
flOT/  engines  and  fer  the  development  of  Jet  pumps  for  particu- 
lar Jobe  the  pump  will  be  evaluated  by  the  efficiency  only. 
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Fig.  2.-  Typical  Jet  pump  without  Buctlon  and  blowing  chambers. 


UN»VEr<SITY  OF  WICHITA 

SCHOOL  OF  CNGiNEEKiNO 


AERODYNAMICS  LABORATORY 


Figure  5.-  Portable  jet  pump  laboratory. 


iigure  4.-  Jet  pump  installed  in  trailer. 
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uNWERsmr  Of  wichita 

»cHOOL  Of  eM«tME£r;m« 

AERODYNAMICS  LABORATORY 

TEST:  Pump ^ XE87  M0:_ 

FOR:  Office  Of  Naval  Research REYNOLDS  MO: 

BY ; WajjriHr  and  KnCi.irif! OAT  £ : OntohF^r  IQf? 


Figure  8.-  Total  pressure  survey  instrument. 


~~^77T3T 

vi 

• • • 
mmm  m mim 

ZSSHT' 

- -- 

•«•••  wmmtm 

Figure  9,-  Total  pressure  - x‘adlal  profiles. 
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NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWWQS^  S^'ECJFICATiO^:^  OK  ai'HEii 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNEcTiUN  VvYIH  A DEFINITELY  RELATE 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVJ5):iNM<^NT  THEREBY  DJCtJ^S 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  W'HATSOEVER  AND  TltS  FACfT  THAT  T]HE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  Oil  IN  AH7  WAY  SUPPLIED 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  N^DT  TO  Biil  EEGAIfDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MAN?^ER  LICENSDfG  THE  HOLDER  OR  ANY  OTKiil 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIJN’S  Oil  .PERMi2SIOK  TO  MAM  I'ACril 
USE  OR  SELL  ANY  PATENTED  ENVEimON  THAT*MAY  IN  AIMY  WAY  BE  RELATE/) 
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